We say a graph G is minimal with respect to a property Q if there exists no proper induced subgraph G' of G with property Q. In this paper we characterize all minimal graphs with respect to the property 'to be 2-connected, non-hamiltonian and claw-free'. Several sufficient forbidden subgraph conditions are obtained as corollaries.
I. Introduction
Throughout the paper, a 9raph will be a finite undirected graph 
G=(V(G),E(G))
without loops and multiple edges. We follow the most common graph-theoretical terminology and notation, and for concepts not defined here we refer to [2] . Throughout the paper we will use fixed terms and notation for some graphs, see Fig. 1 .
We define ,~ to be the class of graphs obtained by taking two vertex-disjoint triangles ({t)l, t'2, L'3}), ({WI, W2, W3} ) and by joining every pair of vertices {Ui, Wi} by a path P,, for n i> 3 or by a triangle. We denote graphs from the class ~ by ~,x2,~, where x, = n if vi, wi are joined by a P,, and xi = T if vi,wi are joined by a triangle (see Fig. 2 ). We say that a set M c V(G) is independent if the graph (M) has no edges. The independence number c~(G) of G is the size of a largest independent set in G.
We say that a vertex w is a neighbor of a vertex v if vw EE(G). The set of neighbors of a vertex v is denoted by N(v). The nei~3hborhood of a vertex v is the graph {N(v)). We say the graph G is locally connected if (N(t,)) is connected for every v E V(G). 
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Fig. 2.
Observation
A. A graph G=(V,E) is claw-free if and only if ~(N(v))<3 for every v C V(G).
The following theorem was proved by Fouquet: Theorem A (Fouquet [8] ). Let G be a claw-free graph with c¢(G)>2.
Then for every v E V(G), the graph (N(v)) either can be covered by two cliques or contains an induced C5.
We say that a cycle C C G is non-extendable if there is no cycle C' in G such that
We consider every cycle to be oriented. For any x E C we denote by x-or x--the first or second predecessor of x, and by x + or x ++ the first or second successor of x on C in this orientation, respectively. An arc is a sequence of consecutive vertices on C.
An arc with first vertex x and last vertex y (in the given orientation of C) will be denoted by xCy.
We will use the following known results on claw-free graphs:
ST Lemma (Standard techniques). Let G be a claw-free graph, let C be a nonextendable cycle on G. Let (V(G)\V(C)) be a connected graph, let v,w be contactvertices of C. Then The main result of this paper extends Theorem C.
Lemmas Lemma 1 (First reduction). Let G be a minimal 2-connected non-hamiltonian clawfree graph, let C be a non-extendable cycle in G. Then C contains only two contactvertices.
Proofi Let G be a minimal 2-connected non-hamiltonian claw-free graph, let C be a non-extendable cycle in G with more than two contact vertices. We show G is not minimal. Let Vl ..... v~, k >~ 3, be contact vertices of C. Consider the graph H such that 
V(H) = (V(6)\V(C)) U {v~ ..... v~}, E(H) = E( (V(H)) )\E( (v, ..... v~) ).
Case 2. dH(vi, vj)=2
By the ST lemma, {w, v +, v + } is an independent set. By theorem A, the neighborhood of any vertex of G can either be covered by two cliques or contains an induced C5. Let Obviously, G' is claw-free. Suppose G' is hamiltonian. Any hamiltonian cycle in G ~ must contain the path xvy where, by the CVL lemma, y is a common neighbor of v and v-. If we replace this path by the path xvv-y, we obtain a hamiltonian cycle in G --a contradiction. Thus G' is not hamiltonian and, by the minimality of G, G ~ cannot be 2-connected. Hence, v-is in a biarticulation. The proof for v +, w-and w + follows by symmetry. [3
Lemma 3. Let G be a minimal 2-connected non-hamiltonian claw-Ji'ee #raph, let C be a non-extendable cycle in G with contact-vertices v,w. Then v has no neighbors on C except v +, v-(and possibly w).
Proof. Without loss of generality suppose that a neighbor of v different from v ~, v lies on v+Cw -. Let y be the first neighbor of v on this arc. Since v + is in a biarticulation, we have y ¢ v ++. Consider the graph ({Y, Y+,Y-,V}). By the choice of y we have yy-c E(G), yy* E E(G), yv E E(G) and y-v f~ E(G).
Suppose y y--E E(G). Then the graph G'= ((V(G))\{y}) is 2-connected and clawfree. Suppose that G ~ is hamiltonian. A hamiltonian cycle in G ~ must contain the path xvz, where x EN(v)A(V(G)\V(C)). By the CVL-lemma, z is a common neighbor of v and y. If we replace this path by the path xvyz, we obtain a hamiltonian cycle in G --a contradiction. Hence, y-y+ ~ E(G).
Suppose
y+v E E(G). Then the graph G' constructed from G by removing the arc v+Cy is 2-cormected and claw-free. Suppose G ~ is hamiltonian. A hamiltonian cycle in G ~ must contain the path xvz, where z is a common neighbor of v, v ÷ and y+, and where x is a neighbor of v in V(G)\V(C).
If we replace this path by the path xvyCv+z, we obtain a hamiltonian cycle in G --a contradiction. Hence, y-v f~E(G) also, which implies that ({y, y+, y-, v}) is an induced claw. This contradiction completes the proof. []
Corollary. Let G be a minimal 2-connected non-hamiltonian claw-free #raph. Let C be a non-extendable cycle in G with contact-vertices v and w. Then 1. v -has no neighbors on the arc v+Cw , 2. v-has no neighbors on the arc r+ Cw -and every neighbor of v-on w+ Cv is' adjacent to v-.
Proof. 1. If we suppose that v--has a neighbor on v+Cw -, then we have a contradiction with Lemma 2.
Let y be a neighbor of v-. Then, since {{v-,v,v--,y)} cannot be a claw, Lemma 3 implies V--TEE(G) and, by Corollary 1, yEw+Cv . []
Main result Theorem 1. A graph G is a minimal 2-connected non-hamiltonian claw-free 9raph if and only if G E ~.
Proof. It is easy to see that every graph from ~ is a minimal 2-cormected nonhamiltonian claw-free graph.
Let G be a minimal 2-cormected non-hamiltonian claw-free graph. Every such graph must have the properties given in Lemmas By the First reduction lemma there are no edges between X and Y and between X and Z. Now we distinguish two cases. 
Case 2. v-w + ~[E(G)
By symmetry, we can also suppose without loss of generality that also v+w -~E(G). If there are no edges between Y and Z, then G E ~. Let thus yi be the first vertex on Y which has a neighbor on Z, and let zj be the first such neighbor. We distinguish four subcases. In G' we have two triangles ({v+,v,v-}) and ({yi,zj,zj+l} Proof. Let G be a 2-connected non-hamiltonian claw-free graph. Then G must contain a graph from ~@ as an induced subgraph. It is easy to check that every graph from contains all graphs N, W, P6 and hence G must also contain all these graphs. []
Corollary 4. Let G be a 2-connected claw-free graph. Moreover, if, G satisfies at least one of the following assumptions:
(1) G is OP3,3, 3 --free, (2) G is EPr, r, r --free, (3) G is P7Pr, T,T --free, then G is hamiltonian.
